In this work, the symmetric studies on the structure-property of the unpoled and poled states of 0.67BiFeO3-0.33BaTiO3(0.67BF-0.33BT)were carried out in order to examine the existing unclear issues over the origin for the morphotropic phase boundary (MPB) of BF-BT. The typical relaxor-like anomaly was observed, giving a freezing temperature of ~627 K. The remnant polarization (Pr) and maximum value of electro-strain (Sm) increase clearly on heating (Pr, ~40 C/cm 2 ; Sm, 0.191 % under 40 kV/cm at 453 K). The first-cycle electro-strain loops at 298 K and 453 K suggest the similarity between 0.67BF-0.33BT and normal ferroelectrics. Both the unpoled and poled samples show the similar frequency dispersion. Unlike Bi1/2Na1/2TiO3-based ceramics, the temperature dependence of relative permittivity for the poled sample does not show any evidence related to the changes between the ergodic relaxor state and ferroelectric-like state. Supported by the Rietveld refinement of XRD patterns, brightfield images and selected-area electron diffractions SAED, our studies demonstrated that the long-range ferroelectric domains is absent by poling. Both the unpoled and poled state could be well understood by the ferroelectric state with the nanodomains.
BiFeO3-BaTiO3 (BF-BT) was first reported by Leontsev et al. in 1981 . 1 The early studies were mainly centered at its multiferroic properties. [2] [3] [4] In 2009, Mn-modified 0.75BF-0.25BT was reported to display both well piezoelectric coefficient (d33, 116 pC/N) and high Curie temperature (Tc, > 873 K). 5 Later, the studies by Wei et al. and Yang et al. confirmed that the optimum piezoelectric properties should be found in the compositions (BaTiO3 content, ~30 mol%) located near the morphotropic phase boundary (MPB) from the rhombohedral structure to the psedudocucbic structure. [6] [7] [8] In 2015, the high piezoelectric performance (d33, 402 pC/N) and large electrostrain (Sm, ~0.2 % under 50 kV/cm) were reported in the quenched BF-BT compositions with the BiScO3 modification. 9 Advanced with the high depolarization temperature (Td, > 673 K) and good thermal stability, BF-BT has become one of the most promising lead-free options. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Despite the intensive studies, there is no agreement on the origin of the MPB. The early study suggests a cubic phase appears when the BaTiO3 content reaches 33 mol%. 1, 2 Later, Leontsev et al. held that the BaTiO3-rich phase should be pesudocubic due to the presence of the ferroelectric and piezoelectric properties. 3 The study by Lee et al. highlighted the similarity in the MPB between BF-BT and Pb(Zr,Ti)O3. 9 In 2017, Wang et al. found that the electro-strain of 0.7BF-0.3BT increases on heating, they interpreted this enhancement by the field-induced transition from the relaxor state to the ferroelectric state. 13 However, the in-situ synchrotron X-ray diffraction (XRD) in combination with Rietveld refinement of pseudocubic BF-BT suggests that there is no clear peak splitting under the electric field. 20, 21 An electric-field-induced pseudosymmetric model was assumed in which local regions distort in the direction of the applied field but adopt a range of symmetries. 21 Is the initial state of 0.67BF-0.33BT (a) a nonergodic relaxor state and developed to a long-range ferroelectric state under the electric field, (b) a ferroelectric state with small tetragonal distortion, (c) or a ferroelectric state with nanodomains adopted pesudocubic symmetry on the global length scale (Fig. 1) ? The structure changes based on the above three models are too similar to be resolved by X-ray diffractions. The analyses of the first-cycle electrostrain loop and structure-property relationship of the poled sample are important. If the transition from the nonergodic relaxor state to the ferroelectric state occurs, we could observe its effect on the first-cycle electrostrain loop, domain structure and dielectric properties like Bi0.5Na0.5TiO3-based ceramics. [22] [23] [24] [25] In this work, the direct evidences for the absence of long-range ferroelectric domains in the poling state were observed. The finding is helpful for the understanding of the initial and poled states of 0.67BF-0.33BT. Solid solution ceramics of 0.67BF-0.33BT were prepared by the solid-state reaction method, with the starting reagents of Bi2O3, BaCO3, Fe2O3 and TiO2. 1 mol% MnO2 was added in order to increase the insulation. The sintering temperature was 1000 o C. For the electric measurements, the silver paste was coated and fired at 550°C for 10 minutes. The dielectric data were measured using an LCR meter (4294 A, Agilent, Santa Clara, America) with a temperature-controlled cell. The ferroelectric properties and the electrostrain responses at 1 Hz were measured using a ferroelectric test system (TF Analyzer 2000E, aixACCT, Aachen, Germany). The ceramics were poled in silicone oil for 10 minutes under a dc field of 40 kV/cm at 298 K for the piezoelectric measurement. The piezoelectric coefficients (d33) were measured using a piezo-d33 meter (ZJ-3AN; Institute of Acoustics, Beijing, China). The crystal structures were detected using an X-ray diffractometer (XRD, D2 PHASER, Bruker AXS, Karlsruhe, Germany). The Rietveld refinement analysis (using the FullProf software) was performed to study the poling effect on the structure. The bright-field images and selected-area electron diffraction SAED patterns were obtained by the transmission electron microscopy (TEM, JEM-2100Plus; JEOL, Okyo Metropolis, Japan). The broad and frequency dependence dielectric anomaly around 700 K suggests the relaxor state in the high-temperature range. The relation of the temperature (Tm) for the maximum value of r and measuring frequency can be well described by the Vogel-Fulcher law (Fig. 2b) , giving a freezing temperature (Tf) of ~627 K, ~50 K higher than that reported by Zheng et al. 11, 26 The relation of the piezoelectric coefficient (d33) and annealing temperature shows that the depolarization temperature is around 650 K, close to Tf (Fig. 2c) . The polarization and electro-strain responses on heating were studied for the further understanding of the ferroelectric-like state of 0.67BF-0.33BT ( Fig. 2d-e ). The detailed experiment results are shown in Fig.   S1 in the supporting information. The remnant polarization (Pr) increases clearly with the temperature. Correspondingly, the coercive field (Ec) reduces. Above 398 K, the conduction contributes much to the polarization response. We obtained the intrinsic ferroelectric hysteresis loop by deducting the conduction effect, assuming that the relation of leakage current density and electric field is linear. 27 The intrinsic Pr value of 0.67BF-0.33BT is ~40 C/cm 2 at 453 K, much higher than that of Bi0.5Na0.5TiO3. 24 Most importantly, the strain enhance on heating. At 453 K, the maximum value of unipolar strain (Sm) and the large-signal piezoelectric coefficient (d33 * ) are ~0.191 % and ~477 pm/V, respectively. The trends in the polarization and electro-strain for 0.67BF-0.33BT on heating are identical with those reported in 0.7BF-0.3BT. 13, 28 Although we do not have the ferroelectric and electro-strain data at higher temperatures, the further increase in the polarization and electro-strain could be expected.
The first-cycle ferroelectric hysteresis loop and electro-strain response of 0.67BF-0.33BT at room temperature are shown in Fig.3a . The strain changes slowly when the electric field (E) is lower than the coercive field (Ec). However, when the electric field approaches Ec, the polarization and strain raise quickly. A large remnant strain could be observed when the electric field is removed. The shape of the first-cycle ferroelectric hysteresis loop and electro-strain loop of 0.67BF-0.33BT is similar to that observed in normal ferroelectrics. 29 At 453 K, the strain increases clearly when the electric field is imposed, which is different from that at room temperature. The initial curve of strain and electric field is found to obey the following expression
where S is the strain, E is the electric field, and a (0.0036  0.0001) and b The poling effect on the frequency dependence of relative permittivity at room temperature of 0.67BF-0.33BT is plotted in Fig.3a . It is evident that the relative permittivity of the unpoled sample is frequency dependent. The value of relative permittivity decreases to 80 % as the frequency increases from 100 Hz to 100 kHz.
After poling, the relative permittivity increases clearly but the frequency dispersion behaviors are nearly unchanged. The poling effect in 0.67BF-0.33BT differs from that in Bi0.5Na0.5TiO3, which shows a decrease in the relative permittivity and the weakness in the frequency dispersion after poling. 24 The temperature dependence of relative permittivity suggests that the Tm value shifts to the high-temperature side after poling ( Fig. 3b ). Most importantly, the lack of evidence of dielectric anomaly related to the transition point between ferroelectric-like state and relaxor state in the poled 0.7BF-0.3BT ceramic also differs from that in poled Bi1/2Na1/2TiO3-based ceramics. 23,24 Figure 3 . First-cycle ferroelectric hysteresis loops and electro-strain loops at (a) 298 K and (b) 453 K, inset of Fig. 3 (b) shows the fitting for the initial curve of strain and electric field.
The XRD patterns of unpoled and poled powdered samples for 0.67BF-0.33BT are shown in Fig. 5(a) and (b) . No impure phase could be detected and a cubic-like perovskite phase was found both in unpoled and poled ceramics. The reflection peak shift to the low-angle side after poling. The Rietveld refine analysis suggests that the structures could be well described by the cubic symmetry with the space group of Pm3 _ m. After poling, the lattice parameter (a) increases by 0.14% (from 3.9916 Å to 3.9970 Å). The increase in the lattice parameter by dc electric field poling is corresponding to the increase of the strain after the removal of ac field poling (Fig. 3a) . Our structure results agree with the in-situ synchrotron radiation XRD analyses, which also eliminates the assumption that the long-range ferroelectric structure is formed after poling. 20, 21 In addition, the long-range ferroelectric domains could not be detected in the bright TEM images of unpoled ( Fig. 5c ) and poled (Fig. 5d ) ceramics, which is consistent with the XRD data. To further understand the poling effect on the microstructure, the SAED patterns with [110] zone axis were obtained ( Fig. 5e and f) . The absence of the super-lattice reflection spots 1/2(1 1 1) suggests that there is no ordered rotation of the octahedral both in the initial and poled state of 0.67BF-0.33BT. 31 That is, the R3c structure should be eliminated if the rombohedral distortions are present in the short-range. The increase in the tolerance factor (t = 0.968 for 0.75BF-0.25BT, t = 0.970 for Bi1/2Na1/2TiO3 and t = 0.978 for 0.67BF-0.33BT) and the degree of disorder with increasing BaTiO3 content leads to the difficulty in the ordered rotation of the octahedral. 
